This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



0 



(11) Japanese Unexamined Patent Application Publication No. 
3-42806 

(43) Publication Date: February 25, 1991 

(21) Application No. 1-178924 

(22) Application Date: July 10, 1989 
(72) Inventors: Osamu SHIMIZU, et al. 
(71) Applicant: Fuji Photo Film Co., Ltd. 
(74) Agent: Patent Attorney, Asamichi KATO 

SPECIFICATION 

1. Title of the Invention: SOFT MAGNETIC THIN FILM 

2 . Claims 

(1) A soft magnetic thin film comprising Fe as a main 
component and having a body-centered cubic crystal structure, 
wherein the soft magnetic thin film is substantially 
oriented in a [111] direction, and the absolute value of 
saturation magnetostriction X f is 5 x 10 -8 or less. 

(2) The soft magnetic thin film according to claim 1, 
containing at least one of Co and Ni in a total of 1 
atomic % to 15 atomic %. 

(3) The soft magnetic thin film according to claim 1 or 
2, containing at least one element selected from Ru, Mn, Cr, 
and V in a total of 0.2 atomic % to 20 atomic %. 

3- Detailed Description of the Invention 
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[Technical Field of the Invention] 

The present invention relates to a soft magnetic thin 
film, and particularly to a soft magnetic thin film suitable 
for, for example, a core material for a magnetic head, 
particularly, a main magnetic pole material for a vertical 
recording head, and the like. 
[Description of the Related Art] 

For example, in a magnetic recording/reproducing 
apparatus such as an audio tape recorder, a VTR (video tape 
recorder), or the like, increases in the density and quality 
of a recording signal are advanced. Therefore, a so-called 
metal tape comprising a magnetic powder composed of a metal 
or alloy of Fe, Co, Ni, or the like, or a so-called 
deposited tape formed by depositing a ferromagnetic metal 
material directly on a base film by a vacuum thin film 
deposition technique, or the like has been developed as a 
magnetic recording medium in correspondence to increases in 
the recording density, and brought into practical use in 
various fields. 

In order to exhibit the characteristics of such a 
magnetic recording medium having a predetermined coercive 
force, a core material for a magnetic head is required to 
have properties such as low coercive force, a high 
saturation magnetic flux density, and a high magnetic 
permeability. In a vertical recording magnetic head which 
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will be expected to be put into practical use in future, a 
material having a higher saturation magnetic flux density 
must be used for a main magnetic pole. However, a ferrite 
material used as the core material of a conventional 
magnetic head for various purposes has a low saturation 
magnetic flux density, and permalloy has a problem with 
abrasion resistance . 

[Problem to be Solved by the Invention] 

A sendust alloy composed of a Fe-Al-Si alloy is 
conventionally considered suitable as a core material 
satisfying the above requirements. The sendust alloy has 
excellent soft magnetic properties such as a high magnetic 
permeability and low coercive force. Therefore, in order to 
maintain the excellent soft magnetic properties, both the 
saturation magnetostriction X f and crystal magnetic 
anisotropy K x are preferably made near zero, and the 
composition of a soft magnetic material applicable to a 
magnetic head is determined in consideration of both values. 
When the material composition is determined, the saturation 
magnetic flux density is also determined depending upon the 
composition. In the case of the sendust alloy, the 
saturation magnetic flux density is limited to 10 to 11 k 
gauss, and it is not necessarily sufficient. 

Therefore, instead of the sendust alloy, a Co-based 
amorphous magnetic alloy material (so-called amorphous 
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magnetic alloy material) causing little decrease in the 
magnetic permeability in the high-frequency region and 
having a high saturation magnetic flux density has been 
developed. However, the amorphous magnetic alloy material 
has a saturation magnetic flux density of about 14 k gauss, 
and it is not said to be sufficient. 

In recent years, a [110] orientation film having a 
saturation magnetostriction X f of near zero has been 
proposed by using the fact that a Fe-based crystal sputtered 
film is liable to be oriented in the [110] direction. By 
using this film, a saturation magnetic flux density of about 
20 k gauss can be realized. However, this film does not 
reach a practical level from the viewpoint of low coercive 
force as a soft magnetic property. 

An object of the present invention is to provide a 
novel soft magnetic thin film having excellent soft magnetic 
properties of low coercive force and high magnetic 
permeability, and a high saturation magnetic flux density. 
[Means for Solving the Problem] 

In order to achieve the object of the present invention, 
a soft magnetic thin film comprises Fe as a main component, 
and has a body-centered cubic crystal structure (bcc 
structure), wherein the soft magnetic thin film is 
substantially oriented in the [111] direction, and the 
absolute value of saturation magnetostriction k t is 5 x 10 -8 
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or less. When the absolute value of saturation 
magnetostriction k f is about 5 x 10~ 8 or more, the coercive 
force is increased to fail to maintain the good soft 
magnetic properties intended in the present invention. 
Therefore, this value is out of the range of the present 
invention. 

The thin film preferably contains at least one of Co 
and Ni in a total of 1 atomic % to 15 atomic %. In order to 
improve abrasion resistance, the thin film may contain at 
least one element selected from Ru, Mn, Cr, and V in a total 
of 0.2 atomic % to 20 atomic %. 
[Operation] 

The soft magnetic thin film of the present invention 
substantially comprises a thin film which is oriented in the 
{111} plane of a cubic crystal, and thus planar rotation of 
magnetic moment is not restricted by crystal magnetic 
anisotropy K x . Therefore, the crystal magnetic anisotropy Kj 
need to be made zero even for achieving good soft magnetic 
properties, and thus the composition of the film can be 
determined in consideration of only the saturation 
magnetostriction X. f of the film. Assuming that the [100] 
direction magnetostriction constant and [111] direction 
magnetostriction constant of a single crystal are >- 100 and 
^iii' respectively, the saturation magnetostriction X f of the 
[111] orientation film is represented by the following 
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equation: 

K f = 1/3 X 100 + 2/3 ^iii 
[ Preferred Embodiments ] 

The saturation magnetostriction of a pure Fe film 
having [111] orientation is about -7 x 10~ 8 which is 
excessively high as the saturation magnetostriction of a 
soft magnetic thin film, but this value can be bought near 
zero by adding another element. For example, when Co or Ni 
is added in a total of 1 to 15 atomic %, the absolute value 
\K f \ of saturation magnetostriction of the film can be bought 
near zero. Besides Co and Ni, for example, the absolute 
value | X f | can be brought near zero by adding about 10 
atomic % of Si. In this case, excellent soft magnetic 
properties can be exhibited. Co and Ni are excellent as 
additive elements because X f can be controlled without 
causing deterioration in the saturation magnetic flux 
density. 

In application in which abrasion resistance is required, 
at least one element selected from Ru, Mn, Cr, and V can be 
added. When at least one element selected from Ru, Mn, Cr, 
and V is added in a total of 0.2 atomic % or more, the 
abrasion resistance can be improved. However, when at least 
one element selected from Ru, Mn, Cr, and V is added in a 
total of over 20 atomic %, the saturation magnetic flux 
density is decreased to fail to achieve the object of the 
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present invention. Furthermore, from the same viewpoint, 
the total of at least one element selected from Ru, Mn, Cr, 
and V, and at least one element of Co and Ni is preferably 
suppressed to 20 atomic % or less of the whole composition. 

In order to achieve the object of the present invention, 
the soft magnetic thin film of the present invention is a 
thin film oriented in the {111} plane of a cubic crystal, 
and the saturation magnetostriction >^ f of the film is |X. f | <; 
5 x 10 -8 . Therefore, in the addition of any one of the 
elements, the above conditions must be satisfied. 
Conversely, if these conditions are satisfied, at least one 
of Pt, Rh, Ir, Os, and the like can be added for improving, 
for example, corrosion resistance in a range causing little 
deterioration in the saturation magnetic flux density. 

Although a GaAs substrate was used in the examples 
below of the present invention, of course, the substrate 
material is not limited to the GaAs substrate as long as the 
thin film used can be oriented in the [111] direction. For 
example, the use of a Ge substrate produces similar good 
results . 

In addition, the C plane of a material having a 
hexagonal B g structure, such as Ni, Mn, Ge, or the like, has 
good lattice match with the {111} plane of a Fe-based bcc 
crystal, and thus the material such as Ni, Mn, Ge, or the 
like is suitable as a underlying material of the thin film 
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of the present invention. 

Also, of course, the deposition method is not limited 
to a RF sputtering process. For example, a MBE process 
(molecular beam epitaxial process), an ion beam sputtering 
process, or the like may be used. 

The substrate temperature in film deposition is 
preferably in the range of 300° C to 500° C, and more 
preferably about 350° C. With an excessively low substrate 
temperature, desired orientation cannot be obtained, while 
with a low substrate temperature, the resulting film is 
highly liable to be oriented in the [110] direction. 
[ Examples ] 

Experiments preformed for the thin film of the present 
invention will be described below. 
Example 1 

A thin film was formed on a GaAs substrate by a RF 
sputtering process using a Fe-Co alloy (Co; 0 to 18 at%) and 
Ar. The Co content of the thin film was changed by changing 
the target composition. As the GaAs substrate, a substrate 
having the [111] plane polished to a mirror plane was used, 
and a magnetic field of about 60 Oe was applied in parallel 
with the substrate under the sputtering conditions including 
a cathode electric power of 60 W, a target diameter of 4 
inches (100 mm), a gas pressure of 0.8 Pa, and a substrate 
temperature of 350° C. Sputtering was performed for 3 hours 
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under the above conditions to obtain a film of a thickness 
of about 0.2 \im sufficient for practical use. Before the 
film deposition, the GaAs substrate was sufficiently cleaned 
by ion bombardment with Ar ions. Any of the resulting films 
was oriented in the [111] direction. Fig. 1 shows the 
saturation magnetostriction X f and coercive force He of these 
films plotted in the ordinate against the Co content (at%) 
of the target plotted in the abscissa. As a result of 
measurement of the saturation magnetostriction X f of each 
film in each direction parallel to the film plane, some 
anisotropy was observed in a plane. The coercive force He 
was measured in the direction of a hard axis . The 
saturation magnetic flux density does not depend upon the 
measurement direction. As shown in Fig. 1, a good soft 
magnetic film having a coercive force He of He =s 1 Oe when 
the absolute value of saturation magnetostriction X f is | X f \ 
2S 5 x 10 -6 can be obtained. The thickness measurement was 
accompanied with no small error because of the thickness of 
the film was as small as 0.2 \im, and thus the value of the 
saturation magnetic flux density could not be precisely 
determined. However, the saturation magnetic flux density 
calculated from the measurements was a good value of over 18 
kG. Particularly, it is important to describe that with a 
Co content of about 5 at%, \X f \ =0 and He = 0.3 Oe, and 
both values are minimum. 
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Example 2 

The same RF sputtering process as in Example 1 was 
per™ by using a target composea Qf pe9oCOsRu5 (atomic 

ratio, to deposit a thin £llm . As „ result of 
of saturation magnetic flux density of ^ tesulting ^ 
film, the measurement was l8 kG or more, and the coercive 
force „c was 0.5 oe or less. Therefore, the thin film 
exhibited good soft ^gnetic properties. m order to 
evaluate the abrasion resistance of the Ru-co„ ta i„i„g alloy 
the four types of a ll oy s including Fe 95 Co s . Fe 90 Co 5 Ru 5 . 
Fe 85 Co 5 Ru 10 . and Fe 80 Co 5R u 15 baving a constant Co content and 
Afferent Fe contents and Ru contents were prepared, and a 
dummy head was formed by using each of the alloys as a bul* 
-terial and tested by sliding on a metal floppy (FUJIX vp . 
HR). After the sliding test for 1000 hours, the volume of 
abrasion was determined. Pig. 2 shows ^ relative ^ 
of abrasion of each alloy assuming that the amount of 
abrasion of the dummy head using F e, 5 Co 5 is !. Plg 2 
indicates that abrasion resistance is signif i ca „tly lnlpr oved 
by adding Ru. lt is separately confirmed that the 
properties of a good soft magnetic material can also be 
maintained by adding R U . 
Comparative Example 

In order to compare with a i-h-ir, 

v « witn a thin fxlm material of the 

present invention a thH„ ■, 

' 3 thln fllm was ^posited by the same 
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process as in Example 1 except that a target composed of a 
known soft magnet material Fe 98 Si 2 was used, and a substrate 
having a GaAs {110} plane was used, and the soft magnetic 
properties of the thin film of the comparative example were 
measured by the same method as in Example 1 . As a result of 
measurement , it was confirmed that the film of the 
comparative example is oriented in the [110] direction, and 
has a saturation magnetic flux density of 18 kG or more, a 
saturation magnetostriction A, f of about 0, and a coercive 
force He of as large as 2.5 Oe, and thus the thin film of 
the comparative example is inferior to the thin films of the 
present invention with respect to coercive force. Although, 
in each of the examples, it was assumed that the composition 
of the resulting thin film was the same as that of the 
target used, substantially no error occurred on this 
assumption. 
[Advantages ] 

A soft magnetic thin film of the present invention is 
composed of Fe as a main component and has a body-centered 
cubic crystal structure, substantially [111] orientation and 
an absolute value of saturation magnetostriction of 5 x 10~ 8 
or less, and thus the present invention can provide a soft 
magnetic thin film having good soft magnetic properties such 
as low coercive force and high magnetic permeability as well 
as a high saturation magnetic flux density. Particularly, 



- 12 - 



the remarked characteristic of the thin film is a high 
saturation magnetic flux density. For example, when the 
thin film is used for a core of a writing/reading head for a 
vertical magnetic recording medium required to have a high 
saturation magnetic flux density, this excellent property 
can be exhibited. 

The thin film may contain 1 atomic % to 15 atomic % of 
at least one of Co and Ni while maintaining the above- 
described properties. By adding this element, the 
saturation magnetostriction of the film can be controlled 
with the saturation magnetic flux density kept high. 

When the thin film contains at least one element 
selected from Ru, Mn, Cr, and V in a total of 0.2 atomic % 
to 20 atomic %, the abrasion resistance is improved. 
Therefore, when the thin film is applied to a core of a 
magnetic head, a thin film magnetic head having high 
abrasion resistance to long-term movement can be formed. 
4 . Brief Description of the Drawings 

Fig . 1 is a graph showing the Co content dependency of 
saturation magnetostriction and He of a Fe-Co alloy thin 
film having [111] orientation in an example of the present 
invention; and 

Fig. 2 is a graph showing the relationship between the 
amount of Ru added and the amount of abrasion of a thin film 
of the present invention. 
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Applicant: Fuji Photo Film Co., Ltd. 
Agent: Asamichi KATO, Patent Attorney 

FIG. 1 

1 MAGNETOSTRICTION 

2 COERCIVE FORCE 
FIG. 2 

1 RELATIVE AMOUNT OF ABRASION 

2 Ru CONTENT 
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